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Basic research used to be sheer theoretical research driven
by inquiry and curiosity. Now, it tends to drive technological
inventions, exerting influence upon economic and social
development. Basic research is the wellspring of technological inventions. The post-WWII period has witnessed countries around the world scaling up their funding for basic
research and putting in place science and technology (S&T)
policies, especially the United States of America (USA). In
the wake of the macro-development and micro-evolution of
science and technology, grand research teams, facilities, and
platforms play an increasingly important role in basic research. Hence, basic research has evolved into a kind of
government-organized, collectively invested, directed and
guided research mode that mirrors state will and targets major
directions by scientists and research teams. Through the
constant division of labor, collaboration and evolution, conventional individual-oriented, non-organized, sporadic research has become increasingly organized. This new type of
basic research is defined as “organized basic research”.

1 The concept and the significance of organized basic research
In July 1945, Vannevar Bush submitted to the then U.S.
president his report Science: The Endless Frontier, which
turned out to be the most well-known report in the history of
S&T policy. It set the direction of post-WWII U.S. science
development, which led to the foundation of the National
Science Foundation (NSF) [1]. It was pointed out in the report
that basic research is the cornerstone of innovation. Basic
research should be undertaken by most gifted scientists in

research-oriented universities through exploratory behaviors.
Scientists should be given full autonomy to select research
topics. The state upholds the commercialization of abstract
knowledge. Such ideas conveyed the importance of basic
research, inspired various countries to make relevant S&T
policies and fund their basic research.
Upon the 75th anniversary of the publication of Science:
The Endless Frontier, the S&T research circles and relevant
policy circles around the world are reconsidering the importance of basic research and scientific and technological
innovation and on this basis are promoting new policies and
paradigms. To this end, in December 2020, the U.S. National
Academy of Sciences launched a report titled The Endless
Frontier: The Next 75 Years in Science based on in-depth
research. The report explored how to reconfigure the modern
research architecture that fuels U.S. innovation to meet the
challenges of the 21st century. It maintained that the USA
should make sustained and concentrated investments in key
domains. It suggested that in addition to the NSF that concerns and supports basic research a national technology
commission should be established to support research and
development (R&D) for high-risk and key technologies [2]. It
is the further understanding of basic research upon the Bush
report. In this new report, organized basic research is incorporated into the planning of future S&T development.
Having taken into account the trends of basic research, as
well as the historical conditions and current situations of
relevant policies, in this paper we put forward the concept of
“organized basic research”, which shed new light on understanding the laws, the features, the optimization of basic
research. Organized basic research is conducive to addressing
the fundamental issues in the knowledge system through an
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interdisciplinary approach. Under organized basic research,
the national mega-science programs are implemented to
serve national strategic goals and push basic theories forward. Equal importance is given to basic science and applied
science so that the transition from theory to technology and
further to commercialization is facilitated. All these endeavors help propel information transfer in the entire innovation
system, optimize resource allocation, promote collaboration,
and improve efficiency to deepen and broaden the endless
frontier of science and the interaction between non-applied
(basic) and applied science. The importance of organized
basic research is manifested in the following three aspects.
(1) Organized basic research is conducive to addressing
the fundamental issues in the knowledge system. Through
basic research, new knowledge will be created. The fundamental problems of basic research are made up of a set of
relevant problems, which are essential to the advance of
knowledge. Through organized basic research, problems in
various domains can be identified and defined for long-term
funded research. In-depth research is conducted on each
sub-problem. Meanwhile, cross-discipline and cross-domain
research is promoted. In this way, holistic understanding and
theories can be shaped to address fundamental problems in
the knowledge system.
(2) Organized basic research can better serve the national
strategic needs. On one hand, in the wake of S&T advance,
basic research has evolved from the sheer exploratory behavior of individual scientists to a research pattern geared to
major scientific goals and driven by national strategic needs.
Basic research is no longer only driven by the curiosity and
interests of individual scientists. Now, it aims to address
problems and accomplish tasks in real life. National strategic
development calls for overall, long-lasting and urgent S&T
innovations, which in nature are task-driven. For this purpose, relevant basic research should be well-organized. On
the other hand, mega-science programs geared to national
strategies can propel the theoretical advance of basic research. For example, the launch of the U.S. Manhattan Project advanced the theoretical development of elementary
particle physics. The demand for aviation technology during
WWII pushed forward the theory of aerodynamics. Breakthroughs in multiple domains from radar technology to microwave theory evinced that a number of modern scientific
theories were triggered and fueled by major S&T programs.
(3) Organized basic research can ignite the organization’s
vitality of innovation through the transformation from science to technology and then to commercialization. S&T is
playing an increasingly important role in leveraging industrial, economic and social development, and basic research is
more inspired and driven by the needs for technological innovation and industrial development. The fusion between
innovation and industry is speeding up. Innovation undertakings call for joint contributions from the government,
universities, scientific research institutes, and enterprises,
which is essential to shaping the basic research-technical

science-industrial commercialization full-chain integration.
In the midst of technological and industrial development,
non-organized and autonomous basic research tends to confine scientists and research teams to a specific discipline.
Consequently, a scientific issue that is integrated in nature
becomes fragmentary in a disciplinary system. In the new
context of interdisciplinary innovation and fusion between
science and technological innovation, basic research should
become more organized. Efforts should be made to assemble
various innovation players. Academic research should go
beyond the disciplinary boundary. The barriers between academic research, industry and other sectors should be removed. Information should flow freely between individuals
and organizations. In this way, scientific research can exert influence upon society and the economy. In this sense, organized basic
research can facilitate organized innovation on all fronts [3].
Judging from scientific progress, science-government relationship, and the influence of science upon economy and
society, basic research, which is the wellspring of S&T innovation, has taken on new features. It used to be driven by
the exploratory behavior of individual scientists. Now, it is
driven by tasks and demands. Unlike its non-organized past,
it becomes well-organized now. Changes have taken place in
the relationship between non-applied science and applied
science in basic research. The report Science: The Endless
Frontier reveals the uni-direction and linear influence of
non-applied science on applied science. In practice, basic
research is proceeding in the mutual and non-linear interaction between non-applied and applied science. Therefore, to
accommodate this new trend, the government is expected to
reinforce the support for organized basic research, and adjust
relevant regulation systems, policy directions and instruments in line with the features and types of organized basic
research.

2

The features of organized basic research

The basic research involves different phases of proposing
a topic, lobbying for funds, setting a project, building a team,
carrying out research, publishing findings, and evaluation
and assessment. It becomes more important to have an organization that supports the whole process or one specific
phase. Basic research needs to address fundamental problems
in a knowledge system. Meanwhile, it needs to serve national
strategic goals and encourage all S&T players to undertake
coordinated innovation. In this context, it is necessary that
basic research should become more organized. Organized
basic research is manifested in the following four aspects,
that is, topic selection, research process, research instrument
and approach as well as collaborative innovation.

2.1
Research topic selection should become
organized
Scientific research begins with topic selection. It is the
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primary issue and the critical link of original basic research.
Organized basic research is first characterized by its selecting
major frontier issues. In this aspect, China has blindly followed overseas research topics, ideas, routes, thus lacking in
originality, uniqueness and vision. As a consequence, it is
rather difficult or even impossible to produce groundbreaking and leading achievements. One countermeasure is
to organize a team of globally top experts to judge the innovation, feasibility and efficiency of research topics. On top of
this, national development strategic goals and scientific reserves should be taken into account. In this way, proper issue
domains and sets can be shaped to encourage and promote the
organization of research teams and tasks.
In terms of topic selection, along with the diversification
of scientific research stakeholders, basic research should
consider scientific goals, feasibility, research reserve, national interests and social appeal, that is, the whole course of
topic selection should be well organized. In this sphere, the
USA combines the bottom-up and top-down approaches [4].
The bottom-up and top-down processes are subjected to
competition among funding organizations and scientific research institutions and the diversified appeals of interest
groups and consultancy agencies. Therefore, it is essential to
balance the interests of all parties, that is, align governmental
appeal with scientific research, and align scientific development with national strategic goals. One principle is to stick
to the goal of scientific development and give full play to the
leading role of scientific research institutes and scientists. For
example, the Max Planck Society (German: Max-PlanckGesellschaft; abbreviated MPG) is engaged in basic research
geared to the need for national strategic goals. The member
institutes of MPG have full decision-making power over
research topic selection, framework and technical routes.
They are entitled to make systematic design and dynamic
organization for their own short-term tasks, medium-term
planning and long-term development. To ensure that all the
members are on the right track, MPG invites its international
appraisal committee to evaluate and assess the scientific
research projects and findings of all its members. Scientific
research quality is the decisive criterion for director appointment and research funding [5].

2.2

Research process should be well organized

Basic research is highly uncertain, long-term, arduous and
challenging. It calls for unremitting efforts of a scientific
team in a domain. As the scientific research system becomes
more sound, to address new issues and phenomena, we need
interdisciplinary cooperation. It means that experienced and
high-caliber research teams from various domains should be
assembled to make coordinated efforts to tackle knotty issues. In the presence of organized basic research, research
teams can be as stable and sustainable as possible, and work
in concert in accordance with concrete tasks. They are research teams that have well-defined divisions of labor and are
well-organized. In the transition from a scattered mode to a

systematic and project-based mode, basic research has to see
to it that personnel from different domains and resources
from different sections be well allocated.
Organized basic research is contingent upon interdisciplinary, cross-institution and inter-sector coordination. Disciplinary boundaries are crossed to realize interdisciplinary
knowledge integration. Thus, comprehensive and interdisciplinary research can come into being. It requires more organized national S&T resource allocation and power
deployment. For R&D, it makes sense to end the scattered
and fragmentary science research deployment. All resources
and forces should work in concert to address major science
issues having an important bearing on national innovation
prospects. For example, the MPG launched a cross-institution
program aimed at encouraging interdisciplinary research,
tearing down the boundary between research institutes and
setting up special funds to support the sophisticated interdisciplinary coordinated research between its institutes. For
example, researchers from the Max Planck institutes of Biophysical Chemistry, Molecular Physiology, Biochemistry,
and Molecular Biology gathered to jointly conduct a project
on toxic protein structure initiated in 2007 [5].

2.3 Research instruments and means should be
well organized
Basic research relying on major S&T infrastructures has
become an important way to achieve frontier and major
breakthroughs in basic science. Some large-scale basic research tasks and projects need to develop and operate major
S&T infrastructures such as particle accelerators, large vacuum or simulation devices, and large-aperture astronomical
telescopes, and also need a large number of technicians and
researchers to participate in the construction, operation,
maintenance and support of major S&T infrastructures. According to incomplete statistics, since 1970, over 40% of the
Nobel prizes in physics used the data obtained through large
scientific devices or science satellites [6]. Therefore, the organization of basic research needs to be manifested in the
whole management process of the construction, operation,
maintenance and support of major S&T infrastructures.
Japan pays special attention to the construction, operation
and maintenance of major S&T infrastructures in its promoting basic research, and has achieved remarkable results.
Specific measures include providing long-term stable support
for the construction of major S&T infrastructures through
various funding channels, promoting extensive cooperation
between industry, government, university and institute relying on major S&T infrastructures, and strengthening sharing
and utilization through legislation. In 1994, the Ministry of
Education, Culture, Sports, Science and Technology of Japan
(MEXT) successively promulgated and implemented the
“Law for the Promotion of Public Utilization of the Specific
Advanced Large Research Facilities”, and the “Plan for
Platform Construction and Shared Use of Advanced Research Facilities”. In 2016, the MEXT made great efforts to
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promote the integration of facility construction, operation and
management, and introduced a number of universities and
research institutes to build a shared network system. Japan’s
these initiatives have strengthened the organization of basic
research relying on major S&T infrastructures in many ways,
including financial investment, network construction, legal
regulation, and management and operation [7].

2.4
Collaborative innovation should be well
organized
Basic research, applied research, experiment and commercial production are no longer in the traditional linear
progressive relationship. Now, they tend to interact, intersect
and integrate with each other. In collaborative innovation, the
government, universities, research institutes, enterprises and
other innovation players form a collaborative cooperation
network to effectively promote the convergence of innovation resources and elements. Organized basic research can
effectively play its role in collaborative innovation. To build
an open collaborative innovation system, the enterprise first
raises a task, then the government funds a project for it and
organizes universities and institutes to study it and solve it,
and finally the market tests the effect. Such a system encourages universities and institutes to make joint R&D aimed
at revealing the principles or mechanisms of key generic
technologies that have an important bearing on industrial
development.
In recent years, some major basic research results evince
the importance of collaborative innovation. For example,
Masatoshi Koshiba [8], the winner of the 2002 Nobel Prize in
Physics, was engaged in big science research, which called
for the support of major S&T infrastructure and from multiple parties. The project required a scientist to have organizational abilities like those of an “entrepreneur”, including
lobbying the government to fund the project, lobbying the
enterprise to grant corresponding research equipment and
experiment venue, coordinating the work between the enterprise, the government and scientists, winning maximal external funding, and arranging the participating scientific
research teams to jointly tackle knotty problems, and managing the operation of the whole project.

3

The types of organized basic research

3.1 Frontier and interdisciplinary sciences
This is an era in which knowledge production and discipline advance entail interdisciplinary contributions. One
discipline alone cannot guarantee S&T innovation in frontier
domains, nor can it cope with complicated major scientific
problems. According to statistics, the past 25 years have
witnessed the number of interdisciplinary research winning
the Nobel Prize increasing, with the figure close to 50% so
far [9]. Frontier and interdisciplinary basic research is a kind

of typical organized basic research. For one thing, it can
improve collaboration between researchers with different
disciplinary backgrounds and from different domains, which
is conducive to solving frontier and interdisciplinary issues.
For another thing, such basic research entails innovative
research paradigms and academic ideas to carry out interdisciplinary and transforming technology research to propel
discipline-based knowledge systems to integrate themselves
into systematic ones.
Frontier and interdisciplinary basic research is manifested
in math-physics-chemistry interdisciplinary integration, the
interdisciplinary integration of big data, AI and IT, as well as
the interdisciplinary integration of science, engineering,
medicine and social sciences. For example, major frontier
breakthroughs in emerging S&T fields, such as
brain-computer interface, need the interdisciplinary integration of neuroscience, psychology, computer science, biomedical engineering, clinical medicine and other disciplines.
It is necessary to go beyond the existing discipline system to
organize researchers from different disciplines to carry out
research and solve major frontier S&T problems.

3.2 Integrated basic research on science, technology and engineering
Modern S&T system is made up of basic science, technical
science and engineering technology [10]. Basic research, integrating science, technology and engineering, falls into the
category of technical science. It aims to understand current
technical problems and foresee new technologies so as to
reinforce the two-way connecting role of basic research in
S&T innovation chains [11]. In nature, technical science is a
kind of organized basic research. For one thing, the priority of
such basic research is to set up technology theories based on
science. It comprises comprehensive research on natural
science and engineering technology. New knowledge categories will be established upon the systematic research on the
principles underlying man-made and natural phenomena as
well as major engineering problems. For another thing, such
basic research aims to bridge science rationales and industrial
development. Interdisciplinary and organized technical sciences are vigorously promoted to advance basic research,
basic technology, basic industry and basic capability to shape
a sound modern S&T system.
The basic research integrating science, technology and
engineering mainly involves automation, chemical engineering, mechanical engineering, civil engineering, aerospace and other fields. It is essential to carry out
comprehensive innovation undertakings integrating science,
technology and engineering in an organized way. For example, the research on optical fiber communication, rocket
launcher design, satellite navigation system, etc. all needs to
systematically study the major scientific principles in engineering and technical problems by developing technical
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science combining scientific theory with technical practice
and experience and knowledge.

3.3 Basic research underpinned by major science
infrastructure
Major S&T infrastructure is a large and complex scientific
research system that provides the ultimate research means to
explore the unknown world, discover the laws of nature, and
achieve technological change. It is the material and technological basis for achieving breakthroughs in the frontiers of
science and solving major S&T problems concerning economic and social development and national security [12]. On
one hand, basic research relying on major S&T infrastructure
emphasizes that infrastructure platforms should complete
major S&T undertakings carried out only under extreme
conditions through large-scale investment, long-term and
stable operation and sustainable S&T activities. It is a kind of
organized basic research. Such basic research entails selecting and studying major science issues in an organized manner
so as to improve the utilization efficiency and service of
infrastructure and promote cross-discipline, cross-domain
and cross-sector collaborative innovation. On the other hand,
major science infrastructure needs to adapt to the trends of
the times featuring big data, large platforms, extensive coordination, large teams and mega-science. To this end, we must
organize technicians and researchers to participate in the
construction, operation and maintenance of infrastructures so
as to make interdisciplinary research possible.
Such basic research stands for national major strategic
basic research and science condition maintaining. The implementation of such basic research mainly relies on platforms for large science instruments, science data and
computation, and national public tests. For example, after
Shanghai Synchrotron Radiation Facility (SSRF) Project
(Phase II) starting in 2016 is in place, the number of experiment methods has increased to more than 100, which expedites basic research to explore unknown domains [13].

3.4 Basic research based on long-term, sustainable
and systematic data accumulation
One of the main purposes of basic research is to promote
human exploration and discovery of the mystery of the universe, the origin of life and the essence of matter, expand the
boundary of human understanding of nature, and improve the
depth of exploring nature. Basic research based on long-term,
sustainable and systematic data accumulation aims at unfolding the laws of the great changing power of environment,
geology and atmosphere. The long-term, continuous monitoring and tracking research carried out by professional research teams is a kind of organized basic research. For this
kind of basic research, on the spatial scale, the research team
is required to monitor and track important scientific indicators in a specific area. On the temporal scale, it is required to
build monitoring platforms (networks) such as herbarium and

field stations to collect, observe, analyze and accumulate
basic scientific data and materials over a long time. This kind
of basic research usually involves major risks and challenges
faced by the whole world, which calls for strengthening international cooperation to meet the challenges faced by
mankind.
Basic research based on long-term, sustainable and systematic data accumulation mainly involves research problems in geological sciences, marine sciences, Earth sciences,
ecological sciences, environmental sciences, agricultural
sciences, atmospheric sciences, space sciences, cosmic sciences and other fields. For example, geomorphology and
Quaternary geology, the mechanism of land subsidence,
hydrology and meteorology, desert formation and evolution
law, climate change mechanism and formation mechanism of
combustible ice in permafrost zone all belong to this kind of
basic research.

3.5 Basic research on the development of scientific
instruments and equipment
Scientific research instruments and equipment are the
necessary conditions for scientific research activities. Original scientific research often needs to create scientific research
instruments for the verification of research hypotheses, so the
development of scientific research instruments itself is also
an important aspect of basic research. It is of great importance for China to solve the problem that high-end scientific research instruments rely heavily on imports and for
original innovation to integrate superior forces to refine and
strengthen instrument science and develop a number of scientific instruments and technologies with international leading level. Basic research for the development of scientific
research instruments and equipment emphasizes sticking to
the goal of scientific development, encourages and cultivates
original research instruments and provides more novel means
and tools for scientific research. Such basic research is also a
type of organized basic research. This kind of basic research
requires researchers from different fields or disciplines to
explore the problems of existing scientific research instruments and equipment, and at the same time, adopt interdisciplinary integration and innovation to carry out the research
on the principle of the improvement of scientific research
instruments and equipment. This kind of basic research also
needs the systematic cooperation of different types of scientific researchers in science, technology and engineering, so as
to complete the development and research of scientific research instruments and equipment.
The basic research for the development of scientific research instruments and equipment involves temporal resolution, spatial resolution and relevant accuracy, and
temperature, pressure and strength tolerance under extreme
conditions, such as the development of high-end scientific
research instruments and equipment including high- resolution mass spectrometer, magnetic resonance imager and
super-resolution fluorescence meter in the field of life
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sciences. For example, in the field of biochemistry, microscopic techniques have been unable to fully display the whole
process of the molecular life cycle for a long time. This
leaves many vacancies in biochemistry. Three researchers
won the 2017 Nobel Prize in Chemistry for their development
and optimization of cryo-electron microscope and its components based on systematic research, which ushered in a
new era for biochemistry [14].

4

Principles of organized basic research

Organized basic research is a new type of framework and
instrument. It meets the demand of national major strategic
guidance, the demand for technology innovation for economic and social development. It coordinates the government, universities, institutes and scientists. It can facilitate
the investment in S&T resources, narrow the gap between
science research and instruments and technology so as to
realize cross-domain and cross-discipline cooperation. It
reveals a new model of basic research and builds on the free
exploration characteristics of basic research proposed by
Bush. At any time, scientists’ curiosity is the individual, intrinsic and microscopic driving force of scientific progress,
while organized basic research guides scientists’ curiosity to
solve practical problems. To promote organized basic research, we need to adhere to the following three principles.
(1) Organized basic research should be directed by scientific goals. Given the investment and management by the
government, scientific research is closely related to national
strategic needs and economic and social development goals.
This is mainly manifested in the sources of research problems. It is necessary to raise scientific tasks based on the
needs of national strategic development and the practical
problems in economic and social development. It is also
manifested in the organization of research. The government
should step forward to organize research issues across departments and institutions to focus on the major strategic
needs of the country. The “Two Bombs and One Satellite”
project in the 1950s embodies the efficient organizational
ability of pooling resources to accomplish sizable tasks.
Whether the government can promote organized basic research through the allocation of S&T resources and the
planning and implementation of scientific plans hinges on
whether it sticks to the goal of scientific development. Important decisions related to basic research, such as the selection of research problems, the organization of research teams,
the establishment of scientific plans, the construction of large
S&T facilities, and the maintenance of field observation
platforms, need to be fundamentally guided by scientific
goals. The primary criterion for testing a scientific investment is whether the research has solved important and key
scientific problems.
(2) Academic freedom is always the foundation of organized basic research. All scientific progress stems from scientists’

free inquiry and academic autonomy. The policies of promoting basic research in developed countries such as the
USA and Japan are to exercise academic autonomy and
guarantee academic freedom, thus providing a free environment for scientific development. Free inquiry is the basic
mode of basic research. Organized basic research is a new
model of basic research driven by interdisciplinary integration, national strategic needs, and technological innovation. It
aims to strengthen organization from the aspects of research
topic selection, resource allocation, management mode, collaborative innovation, etc., so as to overcome the problems of
scattered research resources and split disciplines. However,
the process of solving specific scientific problems must still
rely on the independent exploration of scientists and research
teams. Organized basic research is based on the basic research of free exploration, to which it provides new scientific
tasks, new platforms and tools and a large amount of basic
data.
(3) Organized basic research should be led by scientists.
Masatoshi Koshiba, the winner of the Nobel Prize in Physics
in 2002, said in an interview that although his research project was funded by the government and supported by enterprises, he had absolute freedom and decision-making power,
which was an important contributor to his success [8]. In
Science: The Endless Frontier, Bush pointed out that basic
research should be conducted by a “small body of men and
women who understand the fundamental laws of nature and
are skilled in the techniques of scientific research”. Organized basic research should stick to the principle that science
should be led by the most distinguished scientists. That is to
say, scientists and science research institutes should have
decision-making power and have a final say on research
direction and research tasks. To promote organized basic
research, the government should enact long-term science
planning and goals, launch long-term effective funding and
investment, steadily promote science management reform,
and formulate policies conforming to science development
laws.
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